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Abstract 
As an important bio-material, volatile organic compounds (VOCs) emissions of wood composites have increasing 
more concerns. The headspace solid-phase microextraction (HSSPME) was used to extract the VOCs emissions from 
larix gmelini particles. The HSSPME procedure was compared to conventional static headspace (HS) analysis for the 
VOCs emissions. Both methods gave the similar results, but the HSSPME was much more sensitive and exhibited 
better precision. Several parameters of the extraction and desorption procedure were studied and optimized (such as 
extraction temperature, extraction time, adsorption time, desorption time). The optimal parameters were obtained as 
extraction temperature 60ć , extraction time 40min, adsorption time 30 min and desorption time 40min.The 
components of VOCs emissions in the samples were identified according to the GC-MS total ion chromatograms. 
The characteristic emissions obtained by HSSPME-GC-MS were alpha-pinene, beta-phellandrene, hexanal and 3-
carene. Being a rapid, simple and practically non-interfering technique, HSSPME was successfully applied to analyze 
VOCs emissions in wood-composites. 
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1. Introduction 
The particleboards production has become the mainstream of wood-based panels manufacture in recent 
years. The volatile organic compounds (VOCs) emissions arising from the wood-based panels have 
become a matter of increasing concern. Numerous studies have been carried out to estimate 
concentrations levels of VOCs indoor air and furnishings. Therefore, the production of friendly wood-
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based panel becomes top-priority factors for manufacturers, which determine the competitiveness of 
products in market. Some product manufacturers are advertising low VOCs materials for use by people. 
Earlier researches identified a wide variety of VOCs from wood-based panels, including acetone, 
benzene, hexanal, terpene and toluene [1]. Wood products are fairly simple combinations of wood and 
adhesives. The VOCs emissions arising from wood-based panels are affected by numerous factors, such 
as wood species, adhesive, hot-pressing parameters. Larix gmelini is the main specie of particleboards raw 
materials in northeast area of China. Many trees possess their unique aroma in nature and processing. The 
source control of VOCs emissions from raw materials can provide theory basis for further release. So the 
reliability and veracity of VOCs emissions from particleboards is crucial for further study. 
Conventional VOCs sampling techniques include dynamic headspace [2–5]. Headspace (HS) method is 
useful as a screening tool, using disposable vials, and adequate for relatively high contamination. Solid 
phase microextraction (SPME) is an excellent pre-sampling method. SPME integrates the extraction, 
concentration and introduction in one step and the use of SPME results in reducing preparation time and 
simultaneously increasing sensitivity over other extractions. It has been widely used in environmental, 
biological, pharmaceutical and other field analyses since this innovative technique was developed by 
Pawliszyn [6]. In VOCs analysis, SPME is also considered as a suitable and rapid sampling method. 
Especially, headspace solid phase microextraction (HSSPME) ensures high sensibility and good 
selectivity owing to the extremely low blank in the analysis of VOCs. HSSPME is a solvent-free 
extraction technique in which a fused silica fiber coated with a polymeric organic material is introduced 
into the head-space above the sample. The volatile organic analyses are extracted and concentrated in the 
fiber coating and then transferred to the analytical instrument for thermal desorption and analysis. It has 
been considered as a good choice for sample preparation in the fragrance-andaroma analysis. 
The HS and HSSMPE methods are used to extract VOCs from larix gmelini particles in this paper. The 
HS sampling at room temperature (22°C) was compared with HSSPME method at high temperature 
(60°C). The HSSPME results were more suitable for VOCs emissions extraction from particles than 
conventional HS results. Different parameters affecting the distribution of the analyses between the 
different phases were investigated and VOCs emissions were identified under the optimal condition. 
 
2. Experimental 
2.1.  Material 
Larix gmelini sawlog was collected from experimental forestry of Yichun, Heilongjiang province. All 
samples were cut and mulled to 60-80mesh with the moisture content of 4%-6%. 1g of the larix gmelini 
particles of 60-80 mesh were transferred to the specific sample vials and sealed for further use. 
2.2.  Sampling Procedure 
The sampling procedure were performed by the Thermo trinity auto sampler TRIPLUS. 
HS sampling was performed as follows: 1g larix gmelini powders were added in to a headspace vial in 
15ml. The vial was place in the sample platform at 22  for 40min before analysis.ć  
Choosing a proper SPME fiber coating is crucial to the effectiveness of the analysis. The type of SPME 
fiber coating preferred in the study was 100 ȝm polydimethylsiloxane (PDMS). 
1g larix gmelini powders were added in to a headspace vial. The vial was moved by trinity auto 
sampler to the bath at 60  for 10min. After 10min constant stirring, the PDMS fiber was inserted in the ć
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headspace at room temperature. The sampling time was 20min. Once sampling was complete, the fiber 
was immediately inserted in the the GC injector for desorption. The desorption time is 2 min at 250 .ć  
The experimental conditions of HSSPME potentially influencing the extraction process included the 
extraction time, extraction temperature, adsorption time and desorption time.  In order to obtain the 
optimized analytical sensitivity, the orthogonal experiment and replicate measurements were performed to 
optimize HSSPME conditions in this study. The corresponding factors and levels are listed in table 1. 
Table1. Factors and levels 
Levels Extraction temperature /ć Extraction time/min Adsorption time /min Desorption time /min 
1 40 20 10 2 
2 60 30 20 3 
3 80 40 30 4 
2.3. GC-MS analysis 
A Thermo Trace gas chromatography- DSQ  mass detector system was used in the study. GC Ċ
conditions were the same in HS and in HSSPME analysis, and were as follows: Chromatographic 
separation was performed with TR-V1 capillary column (30 m length×0.25 mm I.D. ×1.4ȝm film 
thickness); inlet temperature, 250 ; inlet mode, splitless operation; Ultrać -pure helium (purity >99.999%, 
constant flow: 1 mL/min) served as carrier gas; Oven was programmed as following rates. The initial 
temperature of the column was 50  (1 min hold) followed by a ramp of 10 /min to 150  (3 min hold) ć ć ć
and a second ramp of 10 /min to 250  with a postć ć -run for 12min. 
The MS system was operated in selected ion monitoring (SIM) mode. The mass scan range was 50-450 
amu. The ionizer voltage of the MS detector was set at 70eV and the temperature of the source was 
230 .The interface temperature was 270 .ć ć  
VOCs were identified by matching sample mass spectrum with those of the National Institute of 
Standards and Technology (NIST) MS spectral library for peaks presented in the chromatograms. 
3. Results and discussion 
3.1.  Comparison between HS and HSSPME
The HS and HSSPME sample techniques were investigated. The concentration and the sample size 
were same in both vials. Results were obtained and summarized in table 2.  
Table 2. Components of VOC emissions from larix gmelini particles by HS and HS-SPME 
Identified 
peak no. 
HS HSSPME 
Retention 
time/min Compounds 
Retention 
time/min Compounds 
1 19.31 Hexanal 7.53 Hexanal 
2 23.91 Į-Pinene 9.60 Į-Pinene 
3 24.69 Camphene 10.52 £-phellandrene 
4 25.84 [3.1.1]heptane, 6,6-dimethyl-2-methylene- bicycle 10.99 3- carene 
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5 26.94 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- 13.35 Nonanal 
6 27.68 Limonene 16.19 1H-Indene,1-methylene- 
7 27.81 1-methyl-2-(1-methylethyl)- benzene 17.81 
25-Nor-9,19-cyclolanostan-24-one, 
3-acetoxy-24-phenyl, stigmasterol,22,23-
dihydro 
8 27.87 ¢-Phellandrene 19.76 Octadecane 
9 29.76 1-methyl-4-(1-methylethylidene)- cyclohexene 20.59 Heptadecane, 9-hexyl- 
10 - - 21.53 
7-Benzyloxy-3-methoxy-2-(3,4-
dimethoxyphenyl)- 
4H-chromen-4-one 
11 - - 22.13 4-(1- methylpropyl), 2,6- bis( 1,1 dimethylethyl)- phenol 
12 - - 23.73 
Propanoic acid, 2-(3-acetoxy-4,4,14- 
trimethylandrost-8-en-17-yl)- 
13 - - 26.14 5H-Cyclopropa[3,4]benz[1,2-e]azulen-5-one 
14 - - 31.07 
Acetic acid, 17-acetoxy-4,4,10,13-
tetramethyl-7-oxo- 
tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl (ester) 
 
Both sampling methods identified 23 components and most of them were terpenes. HSSPME showed 
better precision than HS. fig. 1and fig.2 show the ion chromatogram 9 peaks obtained by HS and 14 peaks 
obtained by HSSPME.  
 
 
Fig. 1. The chromatogram of VOC components of particles by HS-GC 
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Fig. 2. The chromatogram of VOC components of particles by HS-SPME-GC 
Besides hexanal, Į-pinene and Į-phellandrene, alkyl, aldehyde and aroma components were also 
detected by the HSSPME sampling method. The sensitivity of the HSSPME method was in general much 
better than the sensitivity of the HS method. Therefore, the subsequent experiments were performed by 
the HSSPME sample method.  
3.2.  Optimization of HSSPME 
In order to obtain the good sampling efficiency and high analysis sensitivity, the factors influencing 
HSSPME samplings of VOCs, such as extraction temperature, extraction time, adsorption time and 
desorption time were optimized in this paper. The HSSPME conditions optimized included extraction 
temperature (40 , 60  and 80 ), ć ć ć extraction time (20, 30 and 40 min), adsorption time (10, 20 and 30 
min) and desorption time (2, 3 and 4 min).The numbers of target peak number of VOCs were used as the 
symbols to decide the optimum condition. The optimum results were shown in table.3. 
Table 3. Results of orthogonal experiment 
 Extraction temperature 
 /ć 
Extraction time 
 /min 
Adsorption time  
/min 
Desorption time  
/min 
Target peak number 
1 40 20 10 2 25 
2 40 30 20 3 27 
3 40 40 30 4 30 
4 60 20 20 4 30 
5 60 30 30 2 31 
6 60 40 10 3 31 
7 80 20 30 3 29 
8 80 30 10 4 32 
9 80 40 20 2 29 

Fig. 3 shows the amount of VOC emissions with the extraction temperature increased from 40  to ć
80  by 100ȝm PDMS fiber. It can be seen that target peak number yielded the higher extractionć  
efficiencies at 60 . An increase in temperature could enhance the final concentration of VOCs in the ć
PDMS fibre. When temperature raised from 60  to 80 , a decreasć ć e was observed. This is most likely 
due to the heating of the fiber resulting in decreased absorption of the analyte onto the fiber. Higher 
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temperature may result in the increased vapor pressure of volatile analytes in the headspace. However, 
higher temperature may also have the negative effect of less favorable coating headspace partition 
coefficients [7].When extraction temperature control is possible, 60  is the optimal choice.ć 
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Fig. 3. Effect of extraction conditions on the amount of VOC emissions of larix gmelini particles 
In order to enhance the extraction efficiency, sample equilibrium is important in sample processing. 
Acceptable equilibrium states were achieved at 30min. However, the equilibrium state was not reached 
until 40 min for each compound. This phenomenon indicates that the diffusion of the VOCs from the 
sample into the headspace is important in the equilibration process. With the extraction process, 40min is 
optimal level to achieve equilibrium concentrations in this study. 
Mass transfer is a time-dependent process, so extraction time also influences the HSSPME efficiency. 
The results were shown in fig.3. At 30 min, the target peak amount reached the highest level, thus 30 min 
was selected as the optimum extraction time. 
After fiber adsorption the samples, it will be inserted into the GC inlet for desorption. Short desorption 
time and low desorption temperature may lead to the incomplete desorption which makes the fiber coating 
a memory effect and leads to next extraction error. However long desorption time also make the deviation 
on the number of peaks and retention time. Desorption time (2–4 min) is studied in this paper. With the 
increasing of desorption time, the amount of target compounds increased. The longer desorption time 
enabled competitive desorption. Finally, the sampling time of 4 min was strongly preferred in this study, 
because it could achieve the excellent analytical sensitivity. 
3.3.  Identification of VOCs of larix gmelini particles 
The optimal sampling condition obtained by orthogonal experiment are 30 minute extraction time at 
60ć , 30 minute adsorption and 4 minute desorption. Combined with the result, the replicate 
measurements were performed under the optimized condition. 
Analysis using this method results more than 100 discernable peaks in the chromatograms, 16 of which 
are identified according to NIST and WILEY qualitative spectral library. Most of the identified peaks are 
listed in table 4. 
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Fig. 4. The chromatogram of VOC components of particles under optimal extraction condition 
Table 4. GC-MS analyze of VOC components arising from larix gmelini particles 
 Retention time/min Compounds Relative content 
1 7.53 Hexanal 11.8% 
2 9.60 Į-Pinene 34.8% 
3 10.52 ȕ-phellandrene 11.5% 
4 10.99 3- carene 9.4% 
5 13.35 Nonanal 1.3% 
6 16.19 1H-Indene,1-methylene- 1.3% 
7 17.81 
25-Nor-9,19-cyclolanostan-24-one, 3-acetoxy-24-phenyl 
Stigmasterol,22,23-dihydro 
5.2% 
8 18.45 Naphthalene, 1-methyl- 2.3% 
9 19.76 Octadecane 4.0% 
10 20.59 Heptadecane, 9-hexyl- 2.8% 
11 21.53 7-Benzyloxy-3-methoxy-2-(3,4-dimethoxyphenyl)-4H-chromen-4-one 2.6% 
12 22.86 4-(1- methylpropyl), 2,6- bis( 1,1 dimethylethyl)- phenol 3.1% 
13 23.73 Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)- 4.4% 
14 26.14 5H-Cyclopropa[3,4]benz[1,2-e]azulen-5-one 2.1% 
15 31.07 
Acetic acid, 17-acetoxy-4,4,10,13-tetramethyl-7-oxo- 
tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl (ester) 
1.5% 
16 31.68 Hydroxymethyl colchicine 1.9% 
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The main components were terpenes compounds. The highest relative content of VOC was alpha-
pinene as 34.8%. As a result, the monoterpene compounds were in higher levels of 16 main VOCs of larix 
gmelini particles, Į-pinene (34.8%), 3 - carene (9.4%), phellandrene (11.5%). 
The components of volatile organic compounds identified in the larix gmelini particles were similar to 
the previous reports. The odorant substance of larch cone was collected by blowing adsorption method [8]. 
Subsequently Jun-Min Wu et al [9] obtained volatile substances from the leaves of larch by steam 
distillation and measured the content of various components of volatile substances by gas chromatography. 
They found most of the volatile substances of larix are single-terpenoid substance and also contains small 
amount of sesquiterpenoids. Hexanal and Į-pinene were also detected from larix principis-rupprechtii 
leaves and branches [10]. 
4. Conclusions 
Comparison between HSSPME at high temperature and conventional HS analysis at room temperature 
were carried out to select the suitable sampling method. The sensitivity of the HSSPME method was in 
general much better than the sensitivity of the HS method. An efficient method consisting of HSSPME-
based sampling system and GC–MS analysis was created to identify VOCs emissions arising from the 
larix gmelini particles. Experimental parameters such as extraction temperature, extraction time, 
adsorption time and desorption time were studied to optimize the sampling condition.Under the optimal 
sampling conditions: 30 minute extraction time at 60 , 30 minute adsorption and 4 minute desorption, ć
the sampling achieves the excellent analytical sensitivity. HS-SPME showed a valid, fast and sensitive 
method for the determination of VOCs. The main component of VOCs in larix gmelini particles are 
terpenes, aldehydes, hydrocarbons and phenol derivatives. The highest relative content of VOC was 
alpha-pinene as 34.8%. According to data of previous research [11], it was found that Į-pinene is a type of 
low toxicity compounds which is listed in chemicals toxicity index with the LCI value of 2ȝg/m3. Besides, 
most components of VOCs emissions arising from larix gmelini particles are low or moderate toxicity 
compounds. Due to the non-interfering character and simplicity of HSSPME-GC-MS method, it becomes 
a great potential in the analysis of VOC emissions in wood science. 
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